Chronic knee pain is a common complaint among the elderly and appears in 30%-40% of the population over the age of 65. is study was performed in order to evaluate correlation between clinical presentation of chronic knee pain and the imaging �ndings of SPECT and planar bone scintigraphy. Methods. We prospectively recruited 116 patients over the age of 50 who had neither knee surgery nor trauma. Patients were divided into symptomatic and asymptomatic groups. All patients were examined by an experienced orthopedic surgeon; on the same day imaging was performed. Statistical analysis was performed to correlate physical examination �ndings with planar scintigraphy and SPECT �ndings and blood pool images. Results. In symptomatic patients, planar scintigraphy correlated signi�cantly ( 0.01) with the presence of excessive joint �uid, synovial condensation, and decrease in range of motion as measured in extension and �exion and patellar grinding test. SPECT �ndings correlated with all of the above tests as well as with medial and patellofemoral joint tenderness. Conclusions. We believe a �nding of tenderness at the medial articular crease or of the patellofemoral compartment of the knee should be considered an indication for the use of SPECT scintigraphy rather than planar scintigraphy.
Introduction
Bone scans have become a key tool in assessing musculoskeletal pathology [1, 2] . Use of Single Photon Emission Computerized Tomography (SPECT) is becoming more common over the years as well [3] . Use of SPECT allows a three-dimensional assessment of the isotope dispersed in the subjects body, as compared with a two-dimensional assessment with planar "regular" scintigraphy. Bone scintigraphy is divided into three consecutive phases. e Perfusion phase, assessed at 30 to 60 seconds following injection, the Blood-Pool phase assessed at 2 to 5 minutes following injection, and the late phase at 2 to 5 hours following injection [4] . e use of Polyphosphate compounds with the isotope Tc 99m and mainly Tc-MDP allows differentiating between pathologies within so tissues surrounding the bone and those within the bone in the perfusion phase and that found in the late phase which is attributed to the chemical reaction of the polyphosphate compounds and the hydroxyappetite crystals within bone [5] . Planar scintigraphy of complex or large structures within the skeletal system does not relay an accurate three-dimensional anatomic image, while use of SPECT mapping allows for spatial localization of the pathology in the mapped organ [3] .
e differential diagnosis of knee pain in the elderly population is wide [6] . e most common etiologies are osteoarthritis, osteonecrosis, and degenerative tears of the menisci [6] . Knee pain may be referred from the hip or lumbar spine, and vascular malformations of the lower limbs have been attributed to knee pain as well [7] . Use of diagnostic aids allows for improved anatomical localization of pathology in the knee [6] .
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Osteoarthritis is the most common joint disease and afflicts the knees of 30% to 40% of those over 65 years of age suffering from it. Local degenerative changes in weight bearing joints appear from the second decade of life. By the age of 40, degenerative processes within weight bearing joints may be detected in up to 90% of the population, although these are generally asymptomatic [8] . In 1994, the World Health Organization and the American Academy of Orthopedic Surgeons de�ned osteoarthritis as "the result of both mechanical and biologic events that destabilize the normal coupling of degradation and synthesis of articular cartilage and subchondral bone" [9] . e subchondral bone has an important role in the development of chondral pathology. In 1986, Radin and Rose suggested that the cartilage within the joint is susceptible to shearing forces at points of decline or rise in subchondral bone density and cartilage �brilation appears at these sights. Recurrent microtrauma, even in a healthy joint, brings about reorganization of the subchondral bone and thus transitional areas of changing subchondral bone density [10] .
An important tool in assessment of knee osteoarthritis is planar scintigraphy performed following instillation of marked Technitium [11] . In these patients an enhanced uptake in subarticular bone during the late phase may precede the roentgenogrphic changes by many years and relays the changes in local vascularity and the osteoblastic actitivity which mark the initial stages of osteoarthritis [11] .
A good correlation was found between pathological roentgenograms and bone scintigraphy in osteoarthritic patients and these changes may be predicted by scintigraphic �ndings [12] [13] [14] . A diffuse uptake was correlated with pain and osteophyte formation, whereas localized uptake was correlated to subchondral bone sclerosis. A negative planar bone scintigraphy was found to be a good prognostic sign [15] .
2-to-5 minutes following instillation of the isotope containing �uid to the circulation the blood pooling phase of the scan is elicited [4] . Assessment at this stage elicits in�amma-tory changes within the skeleton and so tissues surrounding it [14, 16] , due to concentrations of the isotope containing �uid in areas of hyperemia and neovascularization [17] . During periods rendered as "active osteoarthritis", synovitis may be seen as an exaggerated pooling during the blood pool phase, which is positively correlated to osteoarthritic knee pain [15] . Collier and Johnson found SPECT to be superior to planar scintigraphy in patellofemoral osteoarthritis when concomitant involvement of one of the other knee compartments was evident as well, which was attributable to its ability to distinguish between the compartments which overlie each other in the planar view [12, 18, 19] . Both SPECT and planar scintigraphy were found inadequate in assessing the lateral compartment, although SPECT was superior to planar scintigraphy to some extent. As far as the medial compartment is concerned no advantage in the use of SPECT over planar scintigraphy was found in assessing osteoarthritis, although a pathological reading in the SPECT mapping may point to early subchondral changes in articular cartilage [18] .
Aseptic necrosis of the medial femoral condyle is the corner stone of diagnosing osteonecrosis. e typical presenting symptom is pain along the medial articular aspect which is greater than that usually accompanying osteoarthritis [6] . Osteonecrosis typically afflicts the older population with predominance in women and may progress to osteoarthritic changes secondary to the disease. In the early stages of the disease, increased uptake is recorded in the initial blood �ow phase and the late phase. e image of localized uptake in the medial femoral condyle in the SPECT mapping usually appears before that in planar scintigraphy [15, 18] .
Meniscal pathology may cause knee pain as well, mainly in the medial compartment. e patient will describe a "locking" or "giving way" sensation of the knee. At times, excess joint �uids and localized tenderness over the articular crease may be appreciated as well [6] . In the younger patient population meniscal tears are usually traumatic in origin whereas in the elderly they are attributed to degenerative processes within the joint [6] . A number of clinical tests may be elicited in the knee with meniscal pathology with localized tenderness over the articular crease, and positive Mcmurry and Appley tests being the most widely accepted [20] . Fowler and Lubliner found the Mcmurry sign to be speci�c in meniscal tear associated with a limitation in knee extension [21] , whereas others found limitations in the use of this test [20] . As to the Appley test, the literature attributes a low predictive value to this test in predicting meniscal pathology [20] . Localized tenderness over the articular crease is of high sensitivity and speci�city in lateral meniscal tears whereas in medial meniscal tears these values are considerably lower. It should be pointed out that these �ndings are mainly from a relatively young patient population with a traumatic meniscal injury pattern, which may very well affect the clinical presentation in such cases [20] . Meniscal tears appear in SPECT mappings as localized uptake in a semicircular form in the vicinity of the suspected tibial plateau [3, 22, 23] . It has been found that degenerative "chronic" tears may mimic localized active osteoarthritis as well [18, 22] .
Knee pain is a common complaint among the elderly. e orthopedist is oen faced with the question which is the best diagnostic modality suitable for affirming his clinical diagnosis. Oen, the roentgenographic appearance does not add to the con�rmation of the suspected diagnosis since changes are late in most clinical pictures that is, osteoarthritic changes, avascular necrosis, and meniscal tears. In his effort to afford an objective �nding to the elderly patients� knee pain, a growing number of diagnostic tests are performed, planar scintigraphy and SPECT becoming ever so popular. is study was performed in an effort to correlate �ndings in physical assessment of the knee with those in planar and SPECT scintigraphy, in an effort to better delineate the clinical value of each of these studies in the elderly with knee pain.
Patients and Materials
116 patients were prospectively enrolled in this study. e patient population included 68 patients who complained of chronic knee pain and a control patient group which included 48 patients asymptomatic as to knee pain. Patient recruitment was performed at both Sourasky Medical Center in Tel-Aviv and at Assaf Harofeh Medical Center in �eri�n, Israel. All scans were performed at the Sourasky Medical Center Nuclear Medicine Department. e study was authorized by the local Helsinki committee. Following patient informed consent to enroll in the study, each patient was independently interviewed and physically examined. Inclusion criteria for enrollment in the study included: age over 50 years, patient willingness to undergo both planar and SPECT scintigraphy of both knees, agreement to undergo physical examination, �ll in questionnaires and pain response scales, and patient health was considered "good" by the examining physician-that is, patient was mobile without use of assistance or devices and was able to take part in the study. Patients were excluded from the study if trauma involving the knees occurred in the previous two months, if pregnant or suspected to be so, patients with a known allergy to Technetium or its derivatives, and patients with history of Gout, Rheumatoid Arthritis, Psoriatic arthritis, or other known in�ammatory disease. e patient incurred a fracture to one of his knees in the past or a surgical procedure involving either of his knees in the last six months. Patient participation in another clinical trial during participation within this trial was an exclusion criterion as well.
Every participant �lled out two questionnaires pertaining to knee pain. ese were a Visual Analogue Pain Scale (VAS) and the Western Ontario and Mcmaster Universities Osteoarthritis Index (WOMAC). ese are well accepted in the evaluation of knee pain [24] . rough interpretation of the patient responses to the questionnaires they were divided into a study (patient rendered symptomatic as to chronic knee pain) and control group. All patients were evaluated by an experienced senior orthopedic surgeon (NH). e evaluation included the following measures; observation: angulation of the joint (varus versus valgus), the degree of freedom in rotation of the joint, and periarticular edema. Palpation: synovial �uid bulging, medial, lateral, patellofemoral, and popliteal sensitivity. Range of motion was assessed in �exion and extension. Stability of the joint and speci�c physical signs assessed included the Mcmurry test, Appley test, Compression & Traction test, Bounce home test, Anterior and Posterior drawer signs, and Medio-Lateral stability. Patellofemoral grinding test and angle were assessed as well.
All patients underwent planar and SPECT scintigraphy according to the following protocol. Following intravenous instillation of 25 mCi of Technetium MDP-99m, a dynamic assessment of �ve seconds per scan per minute was performed, and then a blood pool assessment was performed with collection of 500 K counts in an anterior view of the lower limbs. e planar scintigraphy was performed utilizing an anterior view with accumulation of 700 K counts. SPECT was performed up to a 180 degree angle with step angle of 3 degrees. Matrix was set as 64×64 and a zoom of 1.28 at a speed of eighteen seconds per step. Reconstruction was performed utilizing the Filtered Back Projection method with a 3.10 Mz �lter, so a transaxial, saggittal, and coronal as well as a threedimensional reconstruction was formed. Scintigraphies were assessed in order to relay local concentrations and there intensity with respect to knee anatomy.
Both physical and radiological assessments were performed without the physicians performing them aware to which study group the patient belongs.
Statistical analysis was performed using the SAS statistical analysis system (SAS Institute Inc., Cary, North Carolina, USA). Analysis was performed on ninety-six knees (48 patients) in the control asymptomatic group of patients and on one hundred and thirty two knees in the symptomatic trial group (68 patients). Chi-square probability values were calculated utilizing the Frequency Procedure or in some cases the ANOVA procedure. For continuous variables such as range of motion , and probability values were calculated utilizing the GLM Procedure or ANOVA analysis.
Results
Within the scope of this study we prospectively assessed 116 patients. Forty-eight patients were assigned to the control group and sixty-eight were assigned to the studysymptomatic group. e average patient age of those assigned to the study group was 64.735 years with a standard deviation of 10.316 and that of the control group was 66.354 with a standard deviation of 10.771. e study-symptomatic group of patients was comprised of 42 women (62%) and 26 men (38%) while the control-asymptomatic group was comprised of 17 women (35%) and 31 men (65%). e gender differences between the groups were statistically signi�cant ( 0.001)-percentage of women within the study group was 62% compared to a mere 35% in the control group.
Patients enrolled in the study were divided into a study "symptomatic" group as to knee pain and a control "asymptomatic" group based on their responses on the VAS and WOMAC questionnaires. e average VAS response in the study group was 77.15 with a standard deviation of 42.7 and that of the control group was 1.23 with a standard deviation of 3.4 which was found to be statistically signi�cant ( 0.001). e average WOMAC response in the study group was 745.26 with a standard deviation of 634.9 and that of the control group was 13.96 with a standard deviation of 29.7 which was found to be statistically signi�cant ( 0.001) as well. Planar and SPECT scintigraphy results were assessed according to the localization and intensity of the mapping in the respective compartments of the knee. e lateral compartment was divided into areas rendered as the Lateral Femoral Condyle and Lateral Tibial Plateau. e medial compartment was divided into areas rendered as the Medial Femoral Condyle and Medial Tibial Plateau. e patellofemoral compartment was divided into areas rendered Patellomedial and Patellolateral, whilst in the SPECT scans an area rendered Retropatellar was assigned. When the Blood Pooling phase was assessed, the scans were evaluated according to their uptake patterns rather than according to the different knee compartments.
e following tables contain data relevant to correlations between the different mapping methods and �ndings during the patients' physical examination.
Incorporated in these tables are abbreviations which represent the following. angle value. e values in bold are those with statistically signi�cant Chi-square probability values. In order to prevent skewing of the radiological �ndings' interpretation it was decided that a correlation rendered relevant to statistical analysis would be between positive �ndings on physical examination and in both localization and amount of uptake in the examined scan.
A correlation between physical assessment �ndings and the results during the blood pool phase was found only in the study group. Such a correlation was found for physical �ndings such as excessive joint �uid, synovial in�ammation, patellofemoral tenderness, and a restricted range of motion in both �exion and extension. It should be noted that in the control group probability values were not calculated for the joint Rotation examination, Bounce home test, Mcmurry and Appley meniscal tests, the Compression & Traction test, the Posterior Drawer test, and Lateral stability tests. is was due to the fact that no positive tests were found within the control group of patients. Due to the same reason, Chi-square probability for the joint Rotation test and Posterior Drawer sign were not calculated in the study group.
e following tables present Chi-square probability for physical assessment �ndings correlated with �ndings on both planar scintigraphy and SPECT, within the different knee compartments and study populations.
In Tables 2, 3 , 4, 5, 6, and 7 the bolded values are Chisquare probability values of statistical signi�cance ( ). Here too, in order to prevent skewing of the radiological �nd-ings' interpretation it was decided that a correlation rendered relevant to statistical analysis would be between positive �ndings on physical examination and in both localization and amount of uptake in the examined scan.
In the study-symptomatic patient group we found physical �ndings of excessive joint �uid, synovial thickening, limited joint range of motion, and positive patellar grinding tests to be associated with pathological �ndings in both planar scintigraphy and SPECT. When compared with Table 1 , it is notable that all these physical �ndings but a positive patellar grinding test were correlated with excessive uptake during the blood pool phase. It should be noted that when the symptomatic patients were evaluated using SPECT a signi�cant correlation was found between excessive tenderness at the medial joint crease and patellofemoral compartment on physical examination with positive �ndings on the SPECT examination. Such a correlation was not found when assessing the planar scintigraphy �ndings.
A number of additional differences were found between the assessments of patients using the SPECT compared with planar scintigraphy. While planar scintigraphy �ndings showed a correlation between �ndings of excessive joint �uid and synovial proliferation with excessive uptake on planar scintigraphy at both the Medial Femoral Condyle and the Medial Tibial Plateau, these �ndings correlated with excessive uptake only at the Medial Tibial Plateau when SPECT was used. It was also found that a restricted range of knee �exion correlated well with a �nding of excessive uptake at the Medial Femoral Condyle on planar scintigraphy whereas SPECT correlated this �nding with excessive retropatellar uptake. Limited extension of the knee correlated with excessive uptake at the lateral and medial femoral condyles and the Medial Tibial Plateau in both planar scintigraphy and SPECT.
A positive patellar grinding test correlated with excessive uptake at the Medial Tibial Plateau on planar scintigraphy and at both the Medial Tibial Plateau and the Lateral Femoral Condyle when evaluated using SPECT.
A number of physical �ndings did not correlate with either excessive uptake on planar scintigraphy or in the use of SPECT. ese �ndings were knee alignment, angle, lateral joint crease tenderness, tenderness over Baker's cyst, or in the vicinity of the Pes Anserinus, meniscal tests and tests for knee joint instability. It should be noted that for knee joint rotation and posterior drawer sign Chi-square probability values were not calculated, due to the absence of participants with pathological �ndings.
In the control-asymptomatic patient group a number of physical �ndings correlated with planar scintigraphy. ese included excessive medial joint crease tenderness with excessive uptake at the lateral femoral condyle, patellofemoral tenderness and excessive uptake at the Lateral Femoral Condyle and tenderness at the vicinity of the Pes Anserinus, and uptake at the Medial Tibial Plateau.
When evaluated by SPECT, a correlation was found between tenderness to palpation of the lateral joint crease or at the patellofemoral compartment with excessive uptake at the Lateral Femoral Condyle was noted. A positive Appley test correlated with excessive uptake at the Medial Femoral Condyle.
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T 1: Table 1 shows Chi-square probability and values for the physical assessment �ndings and the Blood Pool phase in both the study and control groups. 
Discussion
Previously published studies stated that SPECT scintigraphy is superior to planar scintigraphy when osteoarthritis of the patellofemoral compartment is present concomitantly with osteoarthritis in the medial or lateral compartments of the knee [1, 16, 17] . It was also stated in previous studies that SPECT has no advantage over that of planar scintigraphy in assessing the medial compartment of the knee [16] . Our �ndings show an advantage of use of SPECT over planar scintigraphy in delineation of pathology in both the medial and lateral compartments of the knee. We did not �nd a correlation between localized lateral compartment sensitivity in neither planar nor SPECT scintigraphy. ese �ndings do align with those of a previous study by Yang et al. which found both methods to be of poor clinical value in evaluation of the lateral compartment of the knee [16] .
When reviewing the results the physical �ndings of intraarticular �uid, synovial proliferation, limitations in range of motion, and the positive patellar grinding test were found to correlate positively with both planar and SPECT scintigraphy as well as a pathological reading during the blood pool phase. Previous studies have found pathological readings during the blood pool phase to be correlated with an in�ammatory condition in the localized area of the skeletal system. us, ob�ective �ndings in scintigraphy which were correlated with the above physical �ndings further corroborate our assumption that within the symptomatic patient population the knee pain stems from osteoarthritic changes. is may be further strengthened when reemphasizing that patients enrolled in the study did not suffer from trauma or undergo surgical intervention prior to enrollment in the study.
SPECT was superior to planar scintigraphy in correlating localized medial articular crease and patellofemoral tenserness with uptake in the medial tibial plateau. Further advantages incurred through use of the SPECT mapping were probably due to its ability to better de�ne anatomic areas and delineate localized uptake. For example, synovial proliferation with a �nding of excess intra-articular �uid were found to correlate positively to excess uptake at both the Medial Femoral and Tibial Condyles on planar scintigraphy whereas SPECT �ndings were limited to the tibia alone. A similar scenario, but of greater clinical impact was found when correlating limited �exion of the knee with planar scintigraphy �ndings which resulted in excessive uptake in the vicinity of the Medial Femoral Condyle while SPECT 6 ISRN Orthopedics T 2: Table 2 shows the Chi�s�uare probability for �ndings on physical assessment correlated with planar scintigraphy in the lateral compartment of the knee in both study groups. Table 3 shows the Chi�s�uare probability for �ndings on physical assessment correlated with planar scintigraphy in the medial compartment of the knee in both study groups. Table 4 shows the Chi�s�uare probability for �ndings on physical assessment correlated with planar scintigraphy in the patellofemoral compartment of the knee in both study groups. Table 5 shows the Chi�s�uare probability �alues for �ndings on physical assessment correlated with SPECT in the lateral compartment of the knee in both study groups. Table 6 shows the Chi-square probability values for �ndings on physical assessment correlated with SPECT in the medial compartment of the knee in both study groups. correlated with excessive uptake at the patellofemoral joint that is, where pathological �ndings would be expected in patients suffering from osteoarthritic changes and a �exion contracture.
Control group
Of interest is the fact that in the control group, which contained patients rendered asymptomatic as to knee pain, a positive correlation was found between tenderness at the lateral articular crease and patellofemoral compartment with excessive uptake in the lateral femoral condyle (Tables 8  and 9 ). is may be explained by changes in subchondral bone which may appear prior to articular chondral damage and thus does not eliminate knee pain in these patients. A positive Appley test correlated positively with excessive uptake in the medial femoral condyle in SPECT scintigraphy, as well. We could not �nd an acceptable explanation to this �nding, whilst moreover other meniscal tests such as the Bounce home and Mcmurry tests failed to show any signi�cant correlation whatsoever.
It is of note that a positive correlation was found in planar scintigraphy between localized tenderness at the patellofemoral junction and excess uptake at the lateral femoral condyle which may be explained by localized overlapping and inferior capability of planar scintigraphy to differentiate uptake emanating from the patellofemoral compartment from that of a true lateral articular joint nature.
is study was aimed at comparing planar and SPECT scintigraphy while correlating them to physical assessment �ndings in patients suffering from chronic knee pain and those asymptomatic as to knee pain. One of the difficulties encountered within the scope of this study was the absence of a clinically proven entity for knee pain in the symptomatic patient group. is could be coped with by performing a concomitant assessment of patients by knee arthroscopy which was not done within the scope of this study. Our working diagnosis in most, if not all, symptomatic patients assessed within the scope of this study, was that they suffer from osteoarthritis of the knee as indicated by their complaints and physical assessment. It should be noted that the symptomatic and asymptomatic patient populations differed signi�cantly ( < ) as to gender and were not of equal size, facts which may very well bring about a statistical sway in the study results.
Our �ndings suggest SPECT scintigraphy to be superior to planar scintigraphy when correlated to physical assessment �ndings in elderly patients suffering from chronic knee pain. When tenderness localized to the medial articular crease or the patellofemoral compartment was found during physical assessment these �ndings correlated positively with SPECT scintigraphy, whereas planar scintigraphy �ndings lacked any correlation. In an age when unicondylar knee arthroplasty is readily available as a treatment for unicompartmental osteoarthritis of the medial or lateral compartments of the knee [25, 26] , an advantage exists in the ability to delineate sequestered compartmental involvement in the human knee.
ISRN Orthopedics 9
T 7: Table 7 shows the Chi�s�uare probability �alues for �ndings on physical assessment correlated with SPECT in the patellofemoral compartment of the knee in both study groups. We believe a �nding of tenderness at the medial articular crease or of the patellofemoral compartment of the knee should be considered an indication for the use of SPECT scintigraphy rather than planar scintigraphy as a diagnostic aid in assessing the elderly with chronic knee pain.
